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[57] ABSTRACT 
A process for the catalytic hydrogenation of organic 
compounds in the gas phase. The reaction product-con 
taining circulating gas leaving the hydrogenation reac 
tor is compressed without prior cooling, and is then 
used to heat the starting materials in a superheater to the 
reaction temperature. The circulating gas stream is 
further cooled in a hot-gas heat exchanger by cold reac 
tants in a counter-current manner; as a result, substan 
tially all the reaction product condenses out leaving 
recycle gas. After addition of fresh gas and starting 
material, the recycle gas is returned via a puri?cation 
column to the hydrogenation reactor. 

7 Claims, 2 Drawing Sheets 
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PROCESS FOR THE CATALYTIC 
HYDROGENATION OF ORGANIC COMPOUNDS 

IN THE GAS PHASE 

The invention relates to the catalytic hydrogenation 
of organic compounds, in particular the gas phase hy 
drogenation of aldehydes and hydroxyaldehydes to 
give monohydric or polyhydric alcohols. 

BACKGROUND OF THE INVENTION 

In industrial practice, the hydrogenation of organic 
compounds, such as saturated and unsaturated alde 
hydes or hydroxyaldehydes, is generally carried out 
continuously, using excess hydrogen. Unreacted hydro 
gen is recirculated (circulating gas) into the hydrogena 
tion reactor, usually after a part of the hydrogen, laden 
with inert and ballast substances, has been separated, 
and the amount separated plus the amount consumed 
has been replaced by fresh gas. 
The overall process conventionally proceeds as set 

forth below, variations or adaptations to individual 
requirements obviously being possible. Hydrogen in the 
form of fresh gas and circulating gas is compressed to 
overcome the pressure drop existing in the system. At 
the same time, but separate from each other, hydrogen 
and the starting material to be hydrogenated are fed to 
a heat exchanger. Here, the reactants are preheated by 
the reaction product and, if they are not already in the 
gaseous state, are at least partially vaporized, while the 
reaction product is cooled and higher-boiling compo 
nents thereof condensed out. 
The non-vaporized reactants can be converted into 

the gas phase in a subsequent heat exchanger, except for 
a small liquid portion which is withdrawn, and finally 
heated in a superheater to the reaction temperature and 
fed to the reactor. Here, the hydrogenation is carried 
out at substantially constant temperature, and the heat 
liberated during this hydrogenation is utilized for steam 
generation. The hot product passes into the above-men 
tioned heat exchanger and then into a condenser. A 
hydrogenation process proceeding approximately in the 
stages outlined above is described, for example, in Ull 
manns Encyltlopadie der technischen Chemie [Ull 
mann’s Encyclopedia of Industrial Chemistry], 3rd Edi 
tion (1953), pp 778, 779 for the hydrogenation of cro 
tonaldehyde to give butanol. 

In practice, it is of essential importance to organize 
the heat balance of the overall process to achieve as 
high a degree of energy efficiency as possible. Further 
more, the activity of the catalyst should not be damaged 
by foreign substances (in particular, higher boiling ma 
terials) which are carried over into the hydrogenation 
reactor by the gaseous reactants. For this purpose it is 
necessary, inter alia, to separate the by-products from 
the product stream entering into the hydrogenation 
reactor as completely as possible. 

It has been shown that relatively high pressure drops 
in the hydrogenation plant lead to a rise in the gas outlet 
temperature at the compressor and, as a consequence 
thereof, impair the heat transfer at the heat exchanger. 
Furthermore, although it is known that a horizontal 
arrangement of the heat exchanger improves the con 
densation of the reaction product, it also decisively 
reduces the heat transfer on the tube side of the heat 
exchanger. 
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2 
SUMMARY OF THE INVENTION 

The object of the invention, therefore, is to develop a 
process for the hydrogenation of organic compounds 
which avoids the foregoing disadvantages. 
A circulating gas, comprising hydrogen, the organic 

compound being reacted (hereinafter the organic com 
pound), and the reaction product, exits the hydrogena 
tion reactor and is compressed without prior cooling 
sufficiently to compensate for the pressure drop in the 
system. The circulating gas then ?ows through a super 
heater wherein the starting materials (fresh hydrogen, 
the organic compound, and recycled gas) are heated 
from an intermediate temperature to the reaction tem 
perature. In doing so, the circulating gas is partially 
cooled. 
The partially cooled circulating gas is then conducted 

to a hot-gas heat exchanger wherein it preferably flows 
countercurrent to the cold starting materials, heats the 
starting materials to the intermediate temperature, and 
is thereby further cooled to cause the circulating gas to 
form a liquid phase (the reaction product) and a gas 
phase (comprising the recycle gas). The reaction prod 
uct is then conducted out of the system in a product 
stream. Fresh organic compound and hydrogen are 
added to the recycle gas to form more starting materials 
which are introduced into the hot-gas heat exchanger. 

In a preferred form of the invention, the recycle gas 
and the organic compound are passed through a puri?i 
cation column after exiting the hot-gas heat exchanger 
and before entering the superheater. The fresh hydro 
gen, which does not have to be preheated as it is already 
a gas, is preferably introduced into the starting materials 
at the puri?cation column, but may be introduced 
downstream thereof but upstream of the superheater. 
When the recycle gas leaves the hot-gas heat ex 

changer, it may still contain some recoverable reaction 
product. Therefore, in another preferred embodiment, 
the gas phase passes through a condenser which causes 
additional reaction product to condense out, leaving the 
recycle gas. The condensed additional reaction product 
is directed to the product stream. 

Thus, an outstanding utilization of both the energy 
supplied to the system and that generated therein is 
achieved. Furthermore, the process enables a sharp 
separation of the valuable reaction products and the 
by-products from the circulating gas. As a result, the 
catalyst is not poisoned, since the higher boiling sub 
stances are readily removed. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The compression of they circulating gas after leaving 
the reactor increases its heat content by the heat of 
compression. Thus, thermal energy is utilized for heat 
ing the starting materials, for example the organic com 
pound, hydrogen, and optionally the recycle gas, to the 
reaction temperature in the superheater. Maintaining a 
very low residence time avoids the possibility of the 
reaction product being thermally damaged. The circu 
lating gas leaving the superheater passes into the hot 
gas heat exchanger which is preferably designed as a 
falling-?lm evaporator. The circulating gas is inten 
sively cooled by the starting materials ?owing counter 
currently, so that the hydrogenation product condenses 
out as a liquid phase and the starting materials evaporate 
to the gaseous state. A further reduction of the tempera 
ture of the gas stream may be achieved in a downstream 
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condenser, in which the remaining hydrogenation prod 
uct is separated out. 

In order to restrict the content of inert and ballast 
substances, a small part of the recycle gas is separated 
off from the gas stream as exhaust gas. The far greater 
part of the recycle gas, essentially hydrogen and, in 
addition to some inert and ballast substances, small 
amounts of non-condensable reaction products, is re 
turned to the hot gas heat exchanger, mixed with fresh 
starting materials, and thereafter preferably introduced 
into the puri?cation column. Here, the starting materi 
als stream is recti?ed using a plurality of equilibrium 
stages. In a preferred embodiment, there is a water 
separator downstream of the hot-gas heat exchanger. 
This device completes the condensation of all higher 
boiling components of the starting materials stream. 
The use of a puri?cation column in the process accord 
ing to the invention ensures that components which boil 
higher than the hydrogenation product do not pass into 
the reactor and thus do not poison the catalyst. For best 
results, the fresh hydrogen, which replaces that con 
sumed in the hydrogenation, is introduced into the re 
boiler of the puri?cation column; there it reduces the 
boiling temperature and thus protects the product. It is 
then fed to the superheater and subsequently to the 
hydrogenation reactor as part of the starting materials. 
According to another preferred embodiment of the 

process according to the invention, the hot-gas heat 
exchanger used is a falling-?lm evaporator constructed 
in a particular manner, in which the mass streams are 
countercurrent to each other, an unconventional mode 
of operation for this type of apparatus. Therefore, par 
ticular measures are necessary in order to optimize the 
heat transfer on the shell side of the exchanger tubes. 
According to the invention, the tubes are preferably 
furnished on the outside with spiral grooves or wire 
coils. Because of its surface tension, the liquid collects at 
the grooves or wire coils, so that there is substantial 
available exchange surface for condensation. The de 
flection baffles on the heat exchanger tubes are designed 
to double as condensate collectors. Each baffle has an 
outlet via a down pipe which carries the condensate to 
the discharge chamber at the foot of the heat exchanger. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings, constituting a part 
hereof, and in which like reference characters constitute 
like parts, 
FIG. 1 is a diagrammatic representation of the novel 

process; 
FIG. 2 is a schematic view of a preferred embodiment 

of the hot-gas heat exchanger of the invention; and 
FIG. 3 is an enlarged, partially fragmented, sche 

matic view of the heat exchange tubes and baffles of the 
hot-gas heat exchanger. 

DETAILED DESCRIPTION OF THE 
DRAWINGS 

In the process according to FIG. 1, the starting mate 
rials (the organic compound to be hydrogenated and the 
recycle gas) are heated in hot-gas heat exchanger 1 by 
partially cooled circulating gas ?owing counter-cur 
rently and fed via puri?cation column 2, where fresh 
hydrogen is added, to superheater 3. The mixture is 
heated in superheater 3 to the reaction temperature and 
reacted in reactor 4 to form the circulating gas (contain 
ing the reaction product) which is compressed in com 
pressor 5 to overcome the pressure drop in the system. 
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4 
After cooling in superheater 3 (by heating the starting 
materials to their reaction temperature), the circulating 
gas is then fed to hot-gas heat exchanger 1 wherein it is 
cooled further (by heating the starting materials to their 
intermediate temperature) and condensed, thereby sepa 
rating into a gas phase (recycle gas) and a liquid phase 
(reaction product). The gas phase is passed into con 
denser 6 which causes further condensation of reaction 
product. The recycle gas from condenser 6 is returned 
to hot-gas heat exchanger 1 and fresh hydrogen and 
organic compound are replenished. 

In hot-gas exchanger 1, as shown in FIG. 2, partially 
cooled reaction product enters the apparatus via prod 
uct inlet 10. With the aid of deflection baffles 17, it is 
conducted in a cross-countercurrent direction against 
the liquid and gaseous cold starting materials which are 
introduced via organic component inlet 7 and recycle 
inlet 8. The liquid starting materials are caused to form 
a thin film on the inner sides of tubes 13 by known 
distribution devices. 
The partially cooled reaction product, which is at or 

near its dew point, transfers its heat to the cold starting 
materials and thereby partially condenses, while the 
liquid portion of the starting materials evaporates. The 
heated starting materials leave the apparatus via starting 
materials outlet 11 in well 19. The cooled reaction prod 
uct is withdrawn as the gas phase through gas outlet 9 
and as the liquid phase through liquid outlet 12. By 
observing the described measures, the outlet tempera 
ture of the starting materials may be maintained higher 
than the outlet temperature of the reaction products. 
With the aid of a hot-gas heat exchanger of the type 
shown in FIG. 2, condensation occurs in a very short 
space, and thin condensation ?lms are assured, both of 
which contribute to good heat transfer. For this pur 
pose, the condensate is diverted by de?ection baffles 17, 
which also serve as receivers, into down pipes 14 which 
carry it to discharge chamber 18 for withdrawal 
through outlet 12. 
FIG. 3 shows the details of the construction of de 

?ecting baffle 17 having vertical lip 20 remote from 
pipes 14 for collecting the condensate, seal 21 to pre 
vent condensate from leaking between baffle 17 and 
tubes 13, and pipe 14 to receive and discharge the con 
densate into chamber 15. Tube 13 has condensate col 
lection aids 16 on its outer surface, e.g. in the form of 
spiral grooves or wire coils which increase the available 
condensation surface area. 

EXAMPLE 

A test is carried out according to Diagram 1. The 
starting material is 2.Z-dirnethyl-B-hydroxypropanal 
which is reacted with hydrogen to give 2.2-dimethyl-3 
propane diol; l25.8 kcal heat per kg of starting material 
are set free. For puri?cation of the reaction product, 
20.6 kcal/kg energy in the form of heat must be fed into 
the puri?cation column. The circulating gas contains 
20.3% by weight of reaction product, 12.7% by weight 
of hydrogen, 12.5% by weight of water, 15.4% by 
weight of isobutanol and 39% by weight of inerts. 
On performing hydrogenation under state-of-the-art 

conditions, 252 kcal energy in the form of heat per kg of 
starting material are to be fed into the puri?cation col 
umn, i.e. over 12 times more than in the process accord 
ing to the invention. Furthermore, the circulating gas 
contains a signi?cantly higher proportion of foreign 
materials, i.e. 2.36% by weight related to the starting 
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material, whereas the proportion is 66 ppm by weight in 
the inventive process. 
What we claim is: 
1. A process for catalytic hydrogenation of an or 

ganic compound in a gas phase, said organic compound 
being mixed with recycle gas containing hydrogen, said 
process comprising warming said compound and said 
recycle gas from their starting temperatures to an inter 
mediate temperature in a ?rst heat exchange zone, intro 
ducing additional hydrogen into said compound and 
said recycle gas to form a starting material, heating said 
starting material from said intermediate temperature to 
a reaction temperature in a second heat exchange zone, 
introducing said starting material into a reaction zone at 
said reaction temperature, wherein said organic com 
pound is hydrogenated to a reaction product, thereby 
forming circulating gas which includes said reaction 
product, said organic compound, and hydrogen, with 
drawing said circulating gas from said reaction zone, 
compression of said circulating gas without prior cool 
ing thereof, passing said circulating gas through said 
second heat exchange zone, whereby said circulating 
gas transfers heat to said starting materials, to cool said 
circulating gas and to cause said heating, passing par 
tially cooled said circulating gas through said ?rst zone 
whereby said circulating gas causes said warming and is 
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6 
further cooled to cause said circulating gas to form a 
liquid phase, containing said reaction product, and a gas 
phase, comprising said recycle gas, and blending said 
recycle gas with said compound. 

2. The process of claim 1 wherein said compression is 
sufficient to compensate for pressure losses in said pro 
cess. 

3. The process of claim 1 wherein said partially 
cooled circulating gas passes through said ?rst zone in av 
direction countercurrent to that of said compound and 
said recycle gas. 

4. The process of claim 1 wherein said compound and 
said recycle gas pass through a puri?cation zone up 
stream of said ?rst heat exchange zone. 

5. The process of claim 4 wherein additional hydro 
gen is introduced into a reboiler zone of said puri?ca 
tion zone. 

6. The process of claim 1 wherein said gas phase is 
further cooled in a condensing zone downstream of said 
?rst zone, whereby additional reaction product is con 
densed out. _ 

7. The process of claim 1 wherein said organic com 
pound is selected from the group consisting of saturated 
aldehydes, unsaturated aldehydes, and hydroxy alde 
hydes. 
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